Abstract. Objectives: To prepare curcumin tablets, and evaluate their in vitro dissolution. Methods: Curcumin was dissolved in acetone, wet-granulation and tableting. The amount of Poloxamer 188 and Gremophor RH40 were chosen as factors, and the in vitro dissolution at 120 min was used as evaluation index. The best prescription was screened by response surface method of two factors and three levels. UV-visible spectrophotometry was used as detection methods. Results: In this study, the standard curve was in good linearity with the range of 2.5~5.0μg·mL -1 , r = 0.9996. The average recovery was 98.08%, RSD = 0.61%. The obtained prescription: Curcumin: Poloxamer 188: Gremophor RH40 = 1: 2.52: 0.40, the in vitro dissolution at 45 min and 120 min were 64.85% and 95.12% respectively. Dissolution of the best prescription of curcumin obtained twice higher than the raw curcumin and physical mixtures, and higher than commercial products. Conclusions:The preparation method of curcumin tablets is simple and reliable, which significantly improves the dissolution of curcumin.
Introduction
Curcumin which was medicinal and edible products was mainly from the root of Curcuma aromatica Salisb, turmeric roots, Curcuma Rhizome, Acorus calamus L roots, etc. In medicine it has antioxidant, anti-inflammatory, anti-proliferative, anti-cancer, anti-bacterial infection, liver damage and other effects protection [1] . In recent years, it has been found to have immunomodulatory effect and a significant effect on the prevention of Alzheimer's disease [2] . Due to its low toxicity (LD50 in mice was greater than 2g. kg -1 [3] ), the US FDA had evaluated its extensive safety. However, curcumin has some shortcomings such as poorly dissolution in water, sensitive to light, heat and iron ion, easily hydrolyzed in neutral and alkaline environment, content declining sharply under outdoor lighting [4] , decreasing after autoclaving, low oral bioavailability [5] etc. Various preparation methods were reported in literature which mainly used polyvinylpyrrolidone (PVP K30), polyethylene glycol (PEG) as carriers to prepare curcumin solid dispersion in order to improve its dissolution [6] [7] [8] , but the preparation process was complicated and high cost, which was not suitable for large-scale production. In this study, the response surface methodology (RSM) was used to obtain the best preparation of curcumin tablets, thus to increase its dissolution and bioavailability as well as to simplify the production process and facilitate the large-scale production and lower production costs. 
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Methods and Results
Study on the Dissolution Method
Preparation of the Solution Preparation of the Dissolution Medium Take 11.7ml hydrochloric acid into 50ml volumetric flask, dilute with water to the mark, to obtain hydrochloric acid. Take about 2g NaCl and SDS respectively, with precise metage, adding the above hydrochloric acid 16.4ml, and diluted into 1000ml with water, degassing, then obtain the dissolution medium. Preparation of the Standard Solution About 10mg of Cur standard, with precise metage, was placed in a 500ml brown volumetric flask, adding 20ml of 95% ethanol, ultrasonic 5min, then cooled, with dissolution medium to the scale, finally obtained standard solution.
Tested Sample Solution Preparation Take 20 curcumin tablets, grinded into fine. About 200mg of fine powder, was placed in a 500ml brown volumetric flask, adding proper amount of 95% ethanol, ultrasonic 5min, then cooled ,with dissolution medium to the scale.
UV Absorbance Wavelength Selection Measured standard solution 5ml and placed it into 20ml brown volumetric flask , with dissolution medium to the scale, filtered, and took successive filtrate, Geometric (V/V) ethanol dissolution medium was used as blank control in the wavelength range of 300-500nm scanning. Cur in 429nm had maximum absorbance, so wavelength of 429nm was selected for Cur maximum absorbance.
Membrane Adsorption Test According to the method of dissolution determination,one piece of curcumin tablets was taken into the dissolution cup, and the samples were taken for 9 copies, each 10ml. Three of them were placed in the 10ml centrifuge tube, with the rotating speed of 5000r·min -1 ,centrifuged for 15min. The dissolution medium was used as the blank control,and theabsorbance of the supernatant was measured at the wavelength of 429nm. The remaining six copies all passed over 0.8μm micropore filter membrane, three of which were abandoned 2ml of the initial filtrate, while the other three were abandoned 3ml of the initial filtrate. Take the successive filtrate and the dissolution medium as blank control respectively and determine the absorbance at the wavelength of 429nm. Results showed that the average value of 2ml membrane adsorption capacity was 1.96%, and 3ml was 0.03%, which were less than 2%.
Standard Curve The standard solution was diluted with the dissolution medium to a series concentrations of solutions of 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0μg·ml -1 . Filter and take the successive filtrate with geometric ethanol dissolution medium as blank control, determinate the absorbance at the wavelength of 429nm . The concentration C used as y axis on the ceiling light value for X axis for linear regression, the regression equation was as follows C=0.0072A+0.00005, the related coefficient r = 0.9996. The results showed that the linear relationship was good in the range of 2.5 to 5μg·ml -1 .
Precision Test
Therefore, Poloxamer 188 and Gremophor RH40 were as main factors to the dissolution of the indexes, selecting the best prescription with RSM. Gremophor RH40 Single Factor Based on the of preliminary experiments tablet were granulated and prepared followed by the method under "3.2" using the ratio of Cur: Poloxamer 188: Gremophor RH40 with 1: 5: 0.5, 1: 5: 1 and 1: 5: 1.5, respectively. When the amount of Gremophor RH40 was 0.5 times of Cur, the granules could be screened, but still caused tablets sticking phenomenon. When the amount of Gremophor RH40 was 1.0 and 1.5 times of Cur, it sieves difficultly and sticks seriously. The results showed that with the increase of the proportion of Gremophor RH40, it was more difficult to screen and illustrated more serious to stick. The amount of Gremophor RH40 in this preparation should be less than half of Cur.
Poloxamer188 Single Factor Test On the basis of preliminary experiments, according to the method under "3.2" to granulate and prepare tablets, when Cur: Poloxamer188: Gremophor RH40 ratio were 1: 1: 0.4, 1: 3: 0.4, 1: 5: 0.4 and 1: 7: 0.4, respectively. The dissolution was used as the indicator and tablet sticking situation was compared. When the amount of Poloxamer188 was 3, 5 and 7 times of prescription amount of Cur, the dissolution at 45min were 69.40%, 64.63%, 87.43% and 97.86% , respectively; While at 120min, the in vitro dissolution was 85.34%, 80.22%, 89.71 % and 99.43%, respectively. Dissolution of the ratio 1: 5 and 1: 7 indicated better, but the phenomenon of sticking became more serious with the increase of the amount of Poloxamer188. Therefore, through the prescription optimization the amount of Poloxamer188 should be less than five times of Cur's.
Response Surface Methodology Design-Expert 8 software is used to statistically optimize the formulation to improve in vitro dissolution with RSM. According to the principle of 3-Level design, ratio of P188 to Cur (x 1 ) and Gremophor RH40 to Cur (x 2 ) were selected as the variables and in vitro dissolution at 120min (y) as the dependent variable tested in a 13-run experiment to determine the optimum levels (As shown in Table 1 ). As shown in Figure 1 , response surfaces at 45, 60, 90 and 120min were obtained， which reflected the increasing of y as x 1 and x 2 were growing. Because of the hydrotropy of P188 and Gremophor RH40, as x 1 and x 2 increased, y increased accordingly, but when the amount of the two came to a certain value, it would affect the viscosity of the tablets, which affected the disintegration and dissolution. The analysis of variance in 120min was shown in Table 2 . The variance analysis results of Table 2 showed that experimental models had significant differences, quadratic term x 1 2 has a significant influence on dissolution. The least squares method was used to calculate the optimum ratio of Cur: P188: Gremophor RH40= 1: 2.52: 0.4. 
Conclusions
Microporous membranes used in this experiment is a polyether sulfone material, curcumin has certain adsorption, membrane adsorption in the experiment, and the filtrate was discarded early 2ml~3ml, membrane adsorption amount is less than the average 2%, but the beginning of the filtrate was discarded 3mL adsorption filters less experimental error is smaller, so this was chosen 3ml beginning of the filtrate was discarded.
The study found Gremophor RH40 sample order of dissolution Cur sheet impact, will Gremophor RH40 was adjusted to Cur added prepared curcumin tablets dissolution repeatable, and the corresponding dissolution also increased. Another of the experiment the amount of PVPP screening results show that, PVPP dosage of curcumin on in vitro dissolution of little effect.
Curcumin poorly soluble drugs, for poorly soluble drugs, its dissolution time than the body of drug absorption time, and the dissolution rate is the rate-limiting step of drug absorption. So, dissolution rate and bioavailability have a high correlation [9] . This insoluble drug Cur solubility is not high in ethanol, and much higher in acetone. Thus, acetone was used in the experiment. In order to improve the bioavailability of the drug, this experiment optimized formulation and technology to improve dissolution in vitro of Cur. The preparation process for equipment less demanding, simple operation, eliminating the solid dispersion is heated to melt and freeze-dried preparation to join the cumbersome extra step adhesives and the like, easy to implement industrial production.
